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EEEECT OE STABILIZER LOCATION UPON PITCHING 
AND TAWING MOMENTS IN SPINS AS SHOWN BY 
TESTS WITH THE SPINNING BALANCE 
By M. J. Bamber and C. H. Zimmerman 

SUMMARY 



Tests were made with the spinning "balance in the 
IT.A.C.A. 5-foot vertical tunnel to study the effect of sta- 
bilizer location upon the pitching and yawingmoment s given 
by the tail surfaces in spinning attitudes. The model was 
a low-wing monoplane with the fin faired into the fuselage. 
The program included tests with the horizontal surfaces fn 
a conventional location, approximately one stabilizef-cnorcL 
length ahead of that location, approximately onestabiliaer- 
chord length aft of that location, near the top = of ~the fin. 
and rudder, and near the bottom of the fuselage.^ 

The tests revealed that the horizontal surfaces when 
in a normal location seriously reduced the effectiveness of 
the fin and rudder, particularly at angles of attack of 50° 
or more; that a more forward or more rearward location gave 
no consistent or decided improvement; that a lower location 
greatly increased the shielding so that the yawing moment 
from the combination was in general less than that given by 
the bare fuselage; and that a higher location decreased the 
shielding and even gave a favorable interference effect, 
particularly at the high angles of attack. T ^ 

The stabilizer and elevator gave the largest values of 
diving moment, in general, when in the low and. in the most 
rearward locations. The elevator was most effective in the 
forward and the rearward locations. The high location re- 
sulted in small diving moments, and when so located the ele- 
vator was quite ineffective at angles of attack higher than 
50° . 

The measured values of pitching-moment coefficients ob- 
tained with the stabilizer and elevator in the low positions 
were in poor agreement . with the computed values. The meas- 
ured values were nearly twice as large as the_computed val- 
ues when there was no sideslip at the center of gravity. 



Measured "values "pT ' -y a^li g-¥ffihe'n±' .c.t£#f£i c i ent obtained 
with the fin and rudder unshieidad.. .showed fair agreement 
with computed values.^,. 

r:" --• ;v "* ffrft^oc«tftHr:-_ :•' . -.V . 

It is quite evident to anyone familiar with, the motion 
of a spinning airplane , that . .there m ust be interference ef- 
fects between the horizontal and vertical ' tail surf ac e s . 
The existence of such effects has been confirmed by tests 
upon free-flying models (reference. 1) , by smoke-flow tests 
(refersnco 2), and by tunnel tests with the spinning balance 
(reference 3).,. Tho, magnitude of these interference offectgj 
the relative-, .'efficiency Of various- comb'in at ion s a and- the 
effects- of • different .spinning cbirSitiojis; upon the rel^tiye. 
ef f ici'anciea- have not. been measured' under conditions of mo.- 
t ion.- simulating . actual spinning conditions. In view of the 
fact t&at the conventional airplane' 'can- be brought out o-f a. 
! -spin dJlly ; by 'use ,6'f the control's at the tail, it. seems- very 
desirable that, such rieasurement's be -made. ........ 

An. investigation of thi s. natur:e__has- bees ■ .niftd,©, Jpjj >Sj6i,bl ft 
by the'"d'evelopment of the spinning balanjse * and' the is . Ai'6 . A. 
has prepared an extensive program of tests on various tail 
modif i cati-on s in various spinning attitudes. . At 't he r eque Bt 
of the k'atgriel Division of the Army Air Corps, the first 
t estrs of. thi s series, which are reported in this paper, were 
mado upqij a. t~all of' design conventional in all -.respect b ex- 
cept tliat. t.i.e. fin. was thickened to fair into the. fuselage. 
These .fie.st.'s. covered, the effect of stabilizer ■ and elevator 
1.0 oat. ion .lipOn the yawing . and ' pitching moments ^i.ven by the 
vertical and horizontal surface's, respectively, 'in various 
spinning attitudes. Soiling "m'ome'ht b and lateral, longitudi- 
nal, and normal f or co s' were also measured , but they wore 
littlo affected by the changes a.nd will not be discussed in 
this papqr . Additional tests .will be carriod out to study 
tho effects of fusclago sh.ape, plehform of 'the surf aces, 
frhrickhoss of ' tho gurfacos^ wing interference t q't'e. i as rap- 
idly aij $%r cura stance s permit, _ _ . \\- .' _ 

•APPARATUS AND MODELS 

r .... . ' '.' - ' ■ - ' " " .• ; ■ y 

Thg tests. .were. made on tlie' spinning balance (reference 
3) in- the '. 5-foot . bpen^broat "vertical tunnel -(ref exence- 4) . 

The model was' a l ow-wing, monoplane which . had . been., de- 
signed to facilitate testing of a large number ' of' Vail modi- 
fications (fig. l) . It consisted of a duralumin center sec- 
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tion fi.ttod. with a clamp for attachment to the spinning bal 
ance, a removable nos.e piece, a 5. by- 30 Iwh mahogany wing 
of Clark T section, and the particular tail "assembly being 
tested. ;- . ' - ■ - - i—7 " 

The fin and rudder were conventional in plan form wl^th 
a combined area of 5.8 percent of . the wing^ area. The "area 
of the fin was 38 percent of the combined area. ffiie lead- 
ing edge of the fin made an angle of 60° with the "^thrust 
line. The fin was thicker than the convent TbnaT type" aicf 
was faired into the fuselage.' (See fig. 2.) 

The stabilizer and elevator were rectangular in plan 
.form, with a combined aspect ratio of 3.27 and a total area 
14 percent of the wing area. The Stabilizer area was 60 
percent of the combined area. The cut-out for the rudcter 
was neglected in calculating these areas and the ^surfaces 
were assumed as being continuous through the fuselage. The 
airfoil section of the stabilizer and elevator was .the 
N.A.C.A. 0009, a symmetrical section with a maximum thick- 
ness ? percent of the chord. (See reference 5.) $he vari 
ous locations are -shown in figure 1. 

TESTS 

Tests were made in the 9 spinning attitudes, tabulated 
below: 
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: 3:'n- ■t'lie table", a and • represent the angles of-at- 
-tack of -'si'des'lip-, re ape-ct,iyel-y ,_ at the_ cent er oX gray- 
'-irtifi' an%Ie : Y 3 ^ 'Vk tire angle-. leXwreen^ne" pl*o jVc tlo^ Qf the 
X axis on a horizontal plane and the radius of spin» being 
.po.si.t.iye when ^t he. mode,! has "been ro,t^t_ed_ cJ,ockw_i_se_ (viewed 
f.rom .a.'point Q'h . the negative Z" axi-s) about a vertical 
a,xi s "f'rom a . pps.iTiqn "with the : pr'dj ection of the X* axis 
coincident .'with. t\e radius. It was not possible to get an 
angle .^of ' sideslip,. of 10°. .at 'an angle of 'atiack of 40 d with- 
out cutting away the center- section an excessive amount. 

She- radius ■ and the. rate, of rotation, . p , for each an- 
gle ; of-" at tack were computed., from, assumed 'values of weight, 
resultant aerodynamic force, aerodynam'i c. pi t ching moment, 
and. m-£>m-e~nt s of inertia about_ the normal and the longitudi- 
nals- axes' . It: was ■ .as. sum ell that sideslip had but secondary 
effects, upon th~e~se factors, and accordingly the same valueB 
of radius • and; .rate of rotation .were used fof all angles of 
sideslip at.-. any .one angle of attack. 

C?ests wore made wi t.h. control surfaces neutral and Bet 
35° with the spin (elevator up, rudder right in right spin 
or left in left spin) for each attitude with each of the 5 
stabilizer and elevator locations, and with the stabilizer 
and e.loyator removed. Additional tests were made at each 
attitude with" hoth horizontal and vertical surfaces removed. 

— —!P-he-—tu&a«.l.~ air. .speed, w ,f .,, was reduced from. 65 to 45 
feet 'per Second for the tests at 70° angle of attack, to a- 
void- excessive -.rotational speeds. the Reynolds Number was 
approx'imat eiy 169,00"6 at 65 -f eat per second aha* 'il7 , 000 at 
45 feet per second on the basis of the 5-inch wing chord. 
Previous tests (reference. 3) have indicated that Bcale ef- 
fect is small in the range of Reynolds Numbers included. 

A high degree of precision was difficult to achieve 
in these tests because the aerodynamic forces on the tail 
surfaces were only a small part of the total aerodynamic 
forces on the model. All points apparently questionable 
were Checked. • It is believed that the Values given are 
within iO.03 fxjr ' and ±0.005 for C n y except for the 

values of Ac m , j. n which case the error may be as much 
as ±0„04. The larger errors probably occur at the lower 
values of an^le -of attack, in which condition the inter- 
ference between' the balance and the model affects the flow 
about the tail (reference. 3) . > 
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REStTLTS 



The yawing 5a0m.en.ts given- "by ; : the vertical surfaces were 
found by subtracting the. values obtained with the horizontal 
and vertical surfaces removed from the* values measured with 
the vertical and. horizontal . surf aces .in place. The results 
are given in standard,, coefficient form .(body axis)., 

°n = JprHsb 

where V, velocity at the center' of "gravity 

S, area of wing - : - " 

b, span of wing 

The pitching moments given by- the horizontal surfaces 
were found by subtracting the values obtained with the hor- 
izontal surfaces removed and rudder neutral from the values' ' 
measured with the vertical and horizontal .surf aces in place. 
The results are given in coefficient form (body axis) , 

T *" — ... 

m £pV 3 Sb 

Values of 0 m can be converted to the standard form by 

multiplication by the ratio of span to chord (— = 6). 

-• c 

Values of C are plotted against angle of attack at 
the center of gravity for each stabilizer location as well 
as with the stabilizer removed, both with controls neutral 
and. .with controls with the spin (figs, 3 to 8, inclusive). * 
The values are plotted as for a right spin. A. positive val- 
ue of 0^ indicates a yawing moment aiding the rotation 7" 

Calculated values of C n are compared with values 
measured with the stabilizer removed (fig. 9) . The calcu- 
lated values were given by the relation 



CV = r* X: 0_. Q68-. X- 



I 

11 b 



where I, distance from center of gravity to rudder hinge 
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:= 6.05S = ratio of f in -a^^Vudder area to wing area 
V. , velocity at the tail 

CV l'if t c o ef~f~i ci e"n-t -'b'fV' an 'airf- J o'il wi:th an aspect 
• T • -ratio of 1 . IS liaving tire- angle of attack of 

its zero-lift- - line equal- tV- the- -angle of 
■<-. • sideslip at the tail (reference 6). : 



Both : VV and the angle of sideslip at the tail were com- 
puted from the coordinates of" the tall, the relative wind 
at the center of gravity, and the components of rotation 
about the resne.ctive axes. 

- - . 

Values of C m are plotted against angle of attack at 
the center of gravity for each stabilizer location with tho 
controls set with tliB^Bpln (figs. 10, 11, ..and 12). Values 

of AC^ obtained by movement of the control surfaces from 

in 

3 5° wi bh the spin to neutral are given in figures 13^ 14, 

and 15; " 1 '_ ' ... - - • 

Calculated values of C- ffi are compared wit„h. values- 
measured with the stabilizer and eleva-toT located at the . 
bottom of the fuselage (f-ig. 16) . The calculated, values 
were g^yen "by the relation 

- I ' "" " V t N 2 

-, - C m x °- 14 X \T~, X °H t 

where l 1 , distance from center of gravity to quarter- 
. ^j=r. ■_ -..-.chord point of stabilJL-zer and elevator 

0.1.4 ratio of stabilizer and ^levator area to wtug 

.-.'area ■ 

— » _ . .... - 

and .-&1J , the normal-force coef f i ci ent of . an . airfoil with 
t an aspect ratio of 3 having the angle of at- 

- tack .of iiis sser^o-lif t^^ae.e^ual to the an- 
f gle of 'a-ifcta^ck &i the Insi'l _(ref erance_ 6) v 

Mo allowance was made for downwash or wing-lnterf erence _ = of^ = 

fects. -" _ ■-- ' -■■ ■ : ■ ' 

r- ' tt A - ft '- 

- v discussion 1 



Importance of yawing moments 
balance indicate that an airplane 



in spins .'- Equations of 
can achieve equilibrium. 
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of forces- when, rotating at any anuria of attack. Equilibrium 
of pitching moment can also he obtained if the rotational 
speed is not limited. Equilibrium of rolling moments (body- 
axis) can be obtained, at angles of attack above the. stall 
if the angle of sideslip is not limi.ted. In other words, 
there is the possibility of spinning equilibrium at _ any of a 
large number of values of anglo of attack if balance o'f yaw- 
ing moments (body axis.) can be obtained, regardless of 
whether aerodynamic diving moments are large or small or 
whether the wing combination will or will not autorotate 
<vith. zero Sideslip. It is therefore very important that the 
designer know the y awing-moment characteristics of a pro 1 -'" 1 
■ posed airplane when „in . spinning attitudes in order" that he 
may guard against loss of life and property in uncontrolla- 
ble spins. . .- ~~ J - ~~r " 

Yawing moments about the body axis arise mainly from 
four sources: (l) the wings, (2) the fuselage, (3) differ- 
ence in moments of inertia about the lateral and" lohgi tudi- 
nal axes (B and A, respectively) coupled with components of 
rotation about- those axes, and (4) the vertical tail sur- 
faces. ~. *■ * 

. ■»< 

Of these moments, the wing moment is generally in a 
sense to aid the spin but is obviously limited in value" be- 
■»-■ cause it can arise only out of differences in longitudinal 

force on the wing along its span. Strip-method calculations 
and wind-tunnel measurements (reference 7_)_ indicate a pos- 
sible maximum value of 0.02 for the wing yawing -moment co- 
efficient aiding the spin. 

The fuselage moment is small and generally in a sense 
to' oppose, the spin. The inertia moment" i e*l£L so ' generally 
small and in a sense to oppose "the "rotation (B larger" "than 
■' A, and sideslip at the" center of gravity inward, zero, or 
less than the helix angle outward)_. These factors" cannot 
be neglected and may become of primary imporTahce ~Tn Voma 
de-signs, but need no further d^scus"sidh here. ' "'' 

The moment given b£ the tail _must be of the proper _' 
sign and magnitude to_ establish equilibrium if a steady 
spinning state is to be attained. It is obvious that such 
a condition can be prevented b*y so d38Tg7nfn3 fhe tail that 
it will give a yawing^ moment opposing the spin large enough 
to prevent equilibrium. 

Tho yawing moments given by the vertical surfaces de- 
pend upon the fin and rudder area and plan formV~the dis- 
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t ah ce. 'from* the c'.gV to the tail, the' rudder setting, the 
■'rotational speed-J 'the-' angle" of at tack and the sideslip at 
the c'u'nter of ? gravity, and the- interference effects of the 
■fuselage' and' the horizontal Surfaces,- 'For these teats the 
v e r -t to al' surface area anu' -plan lorm 1 " and the" distance' from 
the' e .g. to the -tail ware chosen to be as' nearly as possible 
rep'r e'sehVa'ti ve of cohven'ti-on'aT practice . The" effectiveness 
of each' 'of the' various tail combinations as sources of yaw- 
ing moment's in the various conditions of sideslip and angle 
of attack, both with ' controls -with "the "spin and with con- 
trols -neutral, is" shown "in 'figures '3 to' &, inclusive, 

■ "lififcg-gt o.f siiabi^i ^er,, l^catio^ up<?n-,yawi^g.-fflpni,en-,t ,-goef-. 
fi^ier^.;- Lnspe'ction of the 'char t a - of y awi.n*:-moment cop.ffi- 
cient with controls deflected (figs. 3, 4, and 5-5- reveals 
that the yawing moment opposing the spin increases with out- 
ward ''negative.) a i.ders lip at the center, .of gravity-; that, in 
general, It increases -with i,nere;ase. in .'angle. -o.f attack;, that 
none of. the stabilizer 1 ocatl on.s :ia definitely.- superior .to 
all the; rest in all attitudes; and that . there -i s , : a general 
■ tenderiey toward convergence of the- .curve*} at the angle of at 
tack just above 400. The low stabilizer location resulted 
in moments very conducive to spinning, particularly at the 
teizh angles of attack, ■. ..Ther.e is. little to choo:se • between 
the .-other s , although the" vn-'o-ruial location is least -favorable 
to the spin at angles Qf attaok of. .-the ..order of 50° when the 
sideslip at the center of -.gravity is .inward. 

'.:>...■ i .. t ' 

ii'ith co-ntrols nautr.al there is again evident . a . general 

increase of yawing moment opposing the spin wt'th change from 
in-7ard. to outward sideslip and with increase in angle of at- 
tack. The Iot -stabiliz er location was least effective in 
mo-st attitudes, particularly so at ' the higher . angle s of .at- 
tack. "The normal location was as effective as were the un- 
shielded _ surf aces -with inward sideslip, but it became less 
effective as the sideslip became negative . ' .The .f orward' sta- 
bilizer location gave about the same result s as the normal 
location at .all. .angle s^ of, _at tack . wi th ..inwalrd stdesjj-p .and at 
tho higher angle s 'of" at tack with zero sideslip." 'It gave a 
vory small moment with^ zjaro. sideslip at 40° angle of attack, 
but was bettor" than ■ tho. normal. .location at all angles of at- 
tack w.ith outward side slip . . .. The a f* location ; was .definitely 
inf erior to the normal jstabil'i zer. .locati on when, the ..si dej3lip 
was inu^rd at all angles of attack, and ..when the sideslip 
was zero at 50° angle of attack." It was definitely superior 
to the normal location with outward sidesl ip ' at all angles 
of. attack and of ^about ■ the same, effectiveness:,, at. 4,0° and 
70° angles of 1 - attack wi th.. zero " sideslip .' .The, Jhi^h" 1 oc.a.t i o n. 
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was greatly superior to all the' other s , although it gave Taut 
a small moment at 40° angle of attack with inward sideslip. 

Comparison of computed values of G n with' measured- 
values . - in figure 9 is shown , a 'cojapari son^ of" values "of C n , 
computed as outlined under "Results" wijfch values .obta ine d 
from the tunnel measurements without the horizontal surfaces 
in place and with a zero rudder setting.. The' agreement- _is 
reasonably good. The measured yawing" moments incrVasecT ._ 
somewhat more rapidly with sideslip at the tail than did the 
computed values. 

Impo rtance of pitching moments in sp %xls . - A study made 
by the authors over a period of serveral years indicates 
that the following general statements can be made with re- 
gard to the function of the pitching moment in steady spins. 
Largo aerodynamic diving moments , tend to prevent, spinning 
equilibrium "and _to insure recovery, if the vertical surfaces 
aro effectively disposed. This statement is not necessarily 
true if the characteristics of -the wing cellule are such 
that the -amount of sideslip requi red ' f or. rolli-ng-momen 7 t7 _ e.- 
quilibrium changes from a large value outw_ard to a large 
value inward as tho rate of rotation and the angle of attack 
increase. Such a condition may possibly be encountered with 
an unstagge-red biplane but is very unlikely to occur in oth- 
er cases. 



If the vertical surfaces are ineffective, it is desir- 
able that the diving moment be small with elevator up and 
that it be possible suddenly to increase greatly the diving 
moment in order to effect recovery. Large diving moments 
with the elevator up will result in fast, flat spins from 
which recovery is doubtful if the vertical surface's are in- 
effective . - -- 

E ffort of stabi lizer loc ation upon _ pi t chi ng-moment c o- 
ef f i clent . - The .effect of _ stabi li z er location upon pitching 
moments is shown in figures 10 to- J.5j inclusive . The rear- 
ward and the low locations gave, in general, the largest 
diving moments. The forward loca'tion gave small diving mo- 
ments. .Then in the high location the stabilizer and eleva- 
tor gave small diving moments at the low anscles of attack 
with zero and outward sideslip. 

The forward and the rear locations gave the. greatest 
elevator effectiveness under most conditions. The change 
in when the controls were neutralized with the stabi- 

lizer in the high po si tion^such as to decrease the diving 
moment at angles of attack of 50° and above. 
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Compari-eon of computed valuiis of ■■ <3 m wi-th measured 

value e «*- ' In "figure' IS is' shown a comparison" of ■ values pf ' 
0 ra computed as outlined under "Results" with values ob- 
tained • from tunnel measurements with the horizontal sur- 
faces hear the. hot torn of the f usefagfi'.' '.the agreement be- 
tween, .the cal cul ated • value s. and the measured valv.es is not 
very good except with outward .side si ip ..at 40°. angle, of at- 
tack and. with inward sideslip above 50°. angle of. attack. 
The poor- agreement is probably- due to : wingVinterf erence and 
fusela-cre-interf erence - effects upon the air flow- at the tail, 
Insufficient experimental evidence is at hand to prove or 
disprove such a supposition. 



.CONCLUSIONS ■ 



1. Shifting the horizontal tail surfaces from the 
bottom of the fuselage to the top. of- the fin increases the 
yawing-moinent. coefficient (body axi s) • oppo sing the spin 
from a small value to a value greater than that given by 
the fuselage and-the vertical surfaces with the horizontal" 
surfaces removed. 

2. The yawing-moment coeff ic.ient given in spinning 
attitudes by a fin and rudder with horizontal surfaces re- 
moved can be computed with reasonable accuracy for tailB 
with, the fin^faired into the fuselage.. 

The location of the stabilizer and elevator has a 
marked, effect upon the pitching moment produced by the tail 

* • . •: • s - - , *. ■ ; ■- 

4. There is, apparently an unexplained factor entering 
into the flow about the tail which makes questionable the 
computations of the pitching moment produced by the tail. 



Langley Memorial Aeronautical . Labor abory-j 

Fationa.1 Advisory Committee for Aerpnautics, 
- iangley iield, Va, , September 30, ,1933. 
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Figure 1.- Low-wing monoplane model used in testing tail combinations 
in spins. 
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Figure 2.- Sections through fin and fuselage. 
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Figure 3.- Yawing-moment coefficients due to 
fin and rudder. Sideslip at e.g. 10° 
(inward). C n (controls 35" with the spin),-Cn. 
(tail surfaces removed). 
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Figure A.- Yawing- moment coefficients due to 
fin and rudder. Sideslip at e.g. 0°. 
C n (controls 35" with the spin), -C n (tail sur- 
faces removed ) - 
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Figure 5.- Yawing-moment coefficients due to 
fin and rudder. Sideslip at e.g. -10° 
(outward). C n (controls 35° with the spin),-C n 
(tail surfaces removed) . 
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Figure 6.- Yawing -moment coefficients due to cm 

fin and rudder. Sideslip at e.g. 10* 

(inward). C n (controls neutral),- C n (tail sur- j" 

faces removed). OJ 
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Figure 7. - Yawing-moment coefficients due to 
fin and rudder. Sideslip at e.g. 0". 
C n (controls neutral), -C n (tail surfaces re- 
moved). 
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Figure 8.- Yawing- moment coefficients due to £ 

fin and rudder. Sideslip at c.g.-l0° ? 

(outward). C n (controls neutral), -C n (tail sur- <l 

faces removed). "co 
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Figure 9.- Yawing -moment coefficients due to fin and rudder 
with, stabilizer removed. Comparison of calculated 
K and measured values. 
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Figure 11. -Pitching-moment coefficients due to 
stabilizer and elevator. Sideslip at 
eg-. 0°. C m (controls 35° with the spin), -Cm (stabi- 
lizer & elevator removed, rudder neutral). 
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Figure 12. -Pitching- moment coefficients due to a 

stabilizer and elevator. Sideslip at e.g. ^ 

-10° (outward). C m (controls 35° with the spin),-C m ^ 

(stabilizer & elevator removed, rudder neutral). w 
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Figure 15.- Change in pitching -moment coeffi- 
cients due to control movements. 
Sideslip at e.g. 10° (outward). (controls neu- 
tral) -C m (controls 35° with the spin). 
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Figure 16, - Pitching- moment coefficients due to » 
stabilizer and elevator, with stabi- ,-i 
lizer and elevator located at bottom of fuselage. - 01 
Comparison of calculated and measurd values. £ 
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